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T-i.tle: THERMOPLASTIC NORBORNENE-BASED RESIN COMPOSITION 
[Scope of Claim for Patent] 

[Claim 1] A resin composition comprising (a) a 
thermoplastic norbornene-based resin compounded with (b) a 
hindered amine-based light stabilizer, (c) a phenol-based 
antioxidant, and (d) a phosphorus-based antioxidant. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a thermoplastic 
norbornene-based resin composition which is transparent and 
excellent in heat stability. 

[0010] In the present invention, the number-average 
molecular weight of the thermoplastic norbornene-based 
resin, in terms of polyisoprene-equivalent molecular weight 
determined by GPC (gel permeation chromatography) using 
cyclohexane, is 10,000 or more, preferably 15,000 or more, 
more preferably 20,000 or more, and is 200,000 or less, 
preferably 100,000 or less, more preferably 50,000 or less. 
When the molecular weight is too low, mechanical strength 
is low, while when the molecular weight is too high, 
molding is difficult. In the case of the polymer having 
unsaturated bonds in its major-chain structure, such as the 
ring-opened polymer consisting of norbornene-type monomers, 
the main-chain structure is preferably saturated by 
hydrogenation . When hydrogenation is carried out, the 



degree of hydrogenation of the main-chain structure is made 
'preferably 90% or more, more preferably 95% or more, still 
more preferably 99% or more. When there are many 
unsaturated bonds in the major-chain structure owing to a 
5 low degree of hydrogenation, the polymer is poor in heat 
resistance, etc., thus making its stable use for a long 
time difficult in some cases. 



10 [0012] (Light stabilizer) 

The hindered amine-based heat stabilizer (b) used in 
the present invention is a compound usually having, in its 
structure, a 3 , 5-di-t-butyl-4-hydroxyphenyl group and a 
2 , 2 , 6 , 6-tetramethylpyridyl group or a 1,2,2,6,6- 

15 pentamethyl-4-pyridyl group, and specific examples include 
1- [2- [3- (3 , 5-di-t-butyl-4-hydroxyphenyl) propionyloxy ] 
ethyl] -4- [3-3 , 5-di-t-butyl-4-hydroxyphenyl] propionyloxy] - 
2, 2 , 6 , 6-tetramethyl piperidine (for example, Sanol LS-2626, 
manufactured by Sankyo Co., Ltd.)), 2- (3 , 5-di-t-butyl-4- 

20 hydroxybenzyl) -2-n-butyl malonic acid-bis- (1 , 2 , 2 , 6 , 6- 
pentamethyl-4-piperidyl) (for example, Tinuvin 144, 
manufactured by Nihon Ciba Geigy) , etc. 

[0013] (Antioxidant) In the present invention, the phenol- 
based oxidant (c) and the phosphorus-based antioxidant (d) 

25 are used as the antioxidant in the present invention. 

[0014] Examples of the phenol-based antioxidant (c) include 
hindered phenol-based antioxidants such as 1 , 6-hexane diol- 
bis [3- (3 , 5-di-t-butyl-4-hydroxyphenyl) propionate] , 
pentaerythrytyl-tetrakis [3- (3 , 5-di-t-butyl-4-hydroxyphenyl) 

30 propionate] , octadecyl-3- (3 , 5-di-t-butyl-4-hydroxyphenyl) 
propionate , 1,3, 5-trimethyl-2 , 4 , 6-tris (3 , 5-di-t-butyl-4- 
hydroxybenzyl) benzene, commercially available products 
such as Adeka Stab AO-20, Adeka Stab AO-60, Adeka Stab AO- 
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80, Adeka Stab AO-330 (these 4 products are manufactured by 
' Asahi Denka Co., Ltd.) and Irganox 1010 (manufactured by 
Ciba Geigy) . 

[0015] Examples of the phosphorus-based antioxidant (d) 
5 include tris (2 , 4-di-t-butylphenyl) phosphite, tetrakis (2 , 4- 
di-t-butylphenyl ) -4 , 4 ' -biphenylene diphosphonite , bis (2 , 6- 
di-t-butyl-4-methylphenyl) pentaerythritol-di -phosphite , 
bis (2 , 4-di-t-butyl) pentaerythritol-di-phosphite , 2,2'- 
methylene bis ( 4 , 6-di-t-butylphenyl ) octyl phosphite, 2,2'- 
10 ethylidene bis (4 , 6-di-t-butylphenyl) f luorophosphonite , 
tris (monononylphenyl) phosphite, etc. 



[0024] Furthermore, examples of the lubricant include 

15 compounds known as described in Japanese Patent Application 
Laid-open No. S63-273666, having structures formed by 
partially esterifying polyvalent alcohols, for example, 
glycerin monostearate , glycerin monolaurate, glycerin 
distearate, pentaerythritol monostearate, pentaerythritol 

20 distearate, pentaerythritol tristearate, etc.,; compounds 

known as described in Japanese Patent Application Laid-open 
No. H3-39403, formed by partially etherifying polyvalent 
alcohols such as 3- ( 4-nonylphenyloxy ) -1 , 2-propane diol , 3- 
(behenyloxy) -1 , 2-propane diol, 2 , 2-bis [ 4- (2 , 3- 

25 dihydroxypropyloxy) phenyl] propane, etc.; compounds having 
a structure wherein all OH groups of an alcohol are bound 
via ester linkages to an OH group-containing saturated 
fatty acid, for example, 12-hydroxystearic acid 
triglyceride, 12-hydroxystearic acid stearyl alcohol, 

30 pentaerythritol-tetra-12-hydroxy stearate, ethylene glycol- 
di-12-hydroxy stearate, propylene glycol-di-12-hydroxy 
stearate, etc.; and compounds having a structure wherein 
some OH groups of an alcohol are bound via ester linkages 
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to an OH group-containing saturated fatty acid, for example, 
' 12-hydroxystearic acid monoglyceride . 

5 [0034] (Usage) 

The molding material of the present invention is used 
in, for example, optical materials such as optical disks 
(read-only disks on which images and voices are recorded, 
such as a compact disk, a laser disk, a digital video disk, 

10 CD-ROM, etc., CD-R capable of re-writing and reading 

information, phase change-type disks capable of writing, 
reading, eliminating and overwriting information, photo- 
magnetic disks, etc.), optical lenses (camera lenses, 
pickup lenses for optical disks, f0 lenses for laser 

15 printers, spectacle lenses, etc.), a prism, a light 

diffusion plate, an optical card, an optical fiber, an 
optical mirror, a liquid crystal display substrate, a light 
guide plate, a polarizing film, a retardation film, etc . ; 
medical instruments such as containers for liquid, powder 

20 or solid pharmaceutical preparations (container for liquid 
pharmaceutical preparation for injection, ampoule, vial, 
pre-filled syringe, transfusion bag, sealed pharmaceutical 
bag, press-through package, solid pharmaceutical container, 
eye-drop container, etc.)f sampling containers (sampling 

25 test tube for blood examination, cap for pharmaceutical 

containers, blood collection tube, sample container, etc.), 
medical instruments (hypodermic syringe, etc.), containers 
for sterilizing medical instruments (for surgical knife, 
for forceps, for gauze, for contact lenses, etc.), 

30 laboratory/analysis instruments (beaker, Petri dish, flask, 
test tube, centrifuge tube, etc.), medical optical parts 
(plastic lens for medical examination, etc.), piping 
materials (medical transfusion tubes, piping, connectors. 
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valves, etc.), artificial organs and parts thereof (cavity 
^'lining, artificial heart, artificial dental root, etc.); 
electronic part-treating instruments such as treatment or 
delivery containers (tank, tray, carrier, casing, etc.), 
5 protective materials (carrier tape, separation/film, etc.),, 
piping (pipe, tube, valve, flow meter, filter, pump, etc.), 
and containers for liquid (sampling container, bottle, 
ampoule bag, etc.); electrical insulating materials such as 
covering materials (for electric wire, for cable, etc.), 

10 electronic instrument body for public welfare and industry 
(copier, computer, printer, TV set, video deck, video 
camera, etc.), and structural members (parabolic antenna 
structural member, flat antenna structural member, radar 
dome structural member, etc.); circuit substrates such as 

15 general circuit substrate (rigid print substrate, flexible 
print substrate, multilayer print circuit board, etc.) and 
high-frequency circuit substrates (circuit substrate for 
satellite communication instruments, etc.); base materials 
for transparent electroconductive film (liquid crystal 

20 substrate, optical memory, face heater element, etc.); 
sealing medium such as semiconductor sealing medium 
(transistor sealing medium, IC sealing medium, LSI sealing 
medium, LED sealing medium, etc.) and electrical/electronic 
part sealing medium (motor sealing medium, condenser 

25 sealing medium, switch sealing medium, sensor sealing 

medium, etc.); automobile interior decorating materials 
such as cavers for room mirrors and meters; and automobile 
exterior decorating materials such as covers for door 
mirrors, fender mirrors, beam lenses, lights, etc. 

30 [0035] (Mode) 

The mode of the present invention includes, for 
example : 
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(1) A resin composition comprising (a) a thermoplastic 
* norbornene-based resin compounded with (b) a hindered 
amine-based light stabilizer, (c) a phenol-based 
antioxidant and (d) a phosphorus-based antioxidant; 
5 (2) The resin composition described in the above-mentioned 
(1) , wherein the number-average molecular weight of the 
thermoplastic norbornene-based resin (a) , in terms of 
polyisoprene-equivalent molecular weight determined by gel 
permeation chromatography using toluene, is 10,000 to 
10 200,000; 

(3) The resin composition described in the above-mentioned 
(1) or (2) , wherein the thermoplastic norbornene-based 
resin (a) is saturated to a degree of 90% or more by 
hydrogenating unsaturated bonds in the main-chain structure 

15 of the ring-opened polymer of norbornene-type monomers; 

(4) The resin composition described in any one of the 
above-mentioned (1) to (3), wherein the thermoplastic 
norbornene-based resin (a) has a glass transition 
temperature of 110 to 200''C; 

20 (5) The resin composition described in any one of the 

above-mentioned (1) to (4) , which comprises 100 parts by 
weight of the thermoplastic norbornene-based resin (a) 
compounded with 0.03 to 1 part by weight of the hindered 
amine-based light stabilizer (b) , 0.002 to 2 parts by 

25 weight of the phenol-based antioxidant (c) , and 0.002 to 1 
part by weight of the phosphorus-based antioxidant (d) ; 
(6) The resin composition described in any one of the 
above-mentioned (1) to (5) , which is further compounded 
with (e) an UV absorber; 

30 (7) The resin composition described in the above-mentioned 
(6) , which comprises 100 parts by weight of the 
thermoplastic norbornene-based resin (a) blended with 0.005 
to 1 part by weight of the UV absorber (e) ; 
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(8) The resin composition described in the above-mentioned 
• (6) or (7) , wherein the UV absorbent (e) contains a 

benzotriazole-based UV absorber and/or a benzophenone-based 
UV absorber; 

(9) The resin composition described in any one of the 
above-mentioned (1) to (8), which is an optical material; 

(10) A molded product comprising the resin composition 
described in the above-mentioned (8) or (9) ; and 

(11) The molded product described in the above-mentioned 
(10) , which is an optical part. 

[0036] 
[Examples] 

The present invention is explained below in more 
detail with reference to Reference Example, Examples, and 
Comparative Examples. In a weatherability test, a sample 
was irradiated with ultraviolet light for 200 hours at a 
black panel temperature of 63^*0 with a UV-ray fade meter, 
and in a heat resistance test, a sample was left at SS^'C 
for 700 hours. 
[0037] Reference Example 1 
(Production of ring-opened polymer) 

300 parts by weight of 1 , 4 ' -methano- 1 , 4 , 4a , 9a- 
tetrahydrof luorene, 1.1 parts by weight of 1-hexene, 11 
parts by weight of 0 . 3 wt% tungsten chloride solution in 
toluene, and 0.6 part by weight of tetrabutyl tin were 
added in a nitrogen atmosphere to 690 parts by weight of 
dehydrated toluene and polymerized at 60°C at ordinary 
pressures for 1 hour. By high performance liquid 
chromatography (polyethylene-equivalent molecular weight) 
using toluene as the solvent, the resulting polymer had a 
number-average molecular weight (Mn) of 17,700, a weight- 



average molecular weight (Mw) of 35,400, and a molecular 
•weight distribution (Mw/Mn) of 2.00. 

[0038] (Production of hydrogenated product) 

To 240 parts by weight of this polymerization reaction 
solution were added 6 parts by weight of an alumina- 
supported nickel catalyst (0.70 part by weight of nickel 
and 0.2 part by weight of nickel oxide per 1 part by weight 
of the catalyst; pore volume of 0.8 cm^/g; specific surface 
area of 300 cm^/cm) and 5 parts by weight of isopropyl 
alcohol, and the mixture was reacted at 230^*0, 45 kgf/cm^, 
for 5 hours in an autoclave. 

[0039] The resulting hydrogenation reaction solution from 
which the hydrogenation catalyst had been removed by 
filtration was poured into a mixed solvent of 250 parts by 
weight of acetone and 250 parts by weight of isopropanol 
under stirring, to precipitate a resin which was then 
recovered by filtration. The resin was washed with 200 
parts by weight of acetone and then dried at lOO^C for 24 
hours in a vacuum dryer at a reduced pressure of 1 mmHg or 
less. The yield was 99%. ^H-NMR analysis indicated that 
the degree of hydrogenation of double bonds in the main 
chain of the polymer was 99.9% or more, and the degree of 
hydrogenation of the aromatic ring structure of the polymer 
was 99.8%. According to high performance liquid 
chromatography (polyisoprene-equivalent molecular weight) 
using cyclohexane as the solvent, the number-average 
molecular weight (Mn) of the resulting hydrogenation 
product was 22,600, and the weight-average molecular weight 
(Mw) was 42,500, and the molecular weight distribution 
(Mw/Mn) was 1.88, and the glass transition temperature (Tg) 
was 136°C. The stress-optical coefficients Cr and Cg of its 
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press-molded sheet of 1 mm in thickness were 1370xlO"^^Pa"^ 
. and -5 . OxlO'^^Pa"^ , respectively. 
. [0040] This hydrogenated product was injection-molded at a 
resin temperature of SSO^'C to prepare a donut-shaped disk 
5 of 1.2 mm in thickness and 12.5 cm in diameter in 

accordance with compact disk standards and measured for its 
light transmittance (wavelength 830 nm) , double refractive 
index (double path, wavelength 633 nm) and water 
absorptivity. The results indicated that the double 
10 refractive index (radius of the disk was in the range of 25 
to 60 nm) was 10 nm or less, and the water absorptivity was 
0.1% or less . 

[0041] Similarly, a 90 mm x 10 mm flat plate of 1 mm in 
thickness was prepared from the hydrogenated product, and 

15 this flat plate was fixed to a curved surface of a jig 

which had been obtained by dividing, into equal four parts 
with the same shape, an elliptic cylinder of 10 mm in 
height in an oval form having a section of 200 mm in major 
axis and 80 mm in minor axis, and then dipped for 1 hour in 

20 lard at 25*^C, but cracking was not recognized. The 
threshold stress was not less than 750 kgf/cm^. 
[0042] Further, the above disk was dipped in ethyl acetate 
and acetone at room temperature for 20 hours, and a change 
in its outward appearance was observed. With respect to 

25 chemical resistance, the disk was dipped in 97.6% sulfuric 

acid and 28% ammonia water at room temperature for 20 hours, 
and then a change in its outward appearance was observed. 
[0043] Example 1 

100 parts by the hydrogenated product obtained in the 

30 Reference Example 1 were compounded as the thermoplastic 
norbornene-based resin (a) with 0.2 part by weight of the 
hindered amine-based light stabilizer (b) (= 1- [2- [ 3- (3 , 5- 
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di-t-butyl-4-hydroxyphenyl) propionyloxy ] ethyl] -4- [3-3 , 5- 
" di-t-butyl-4-hydroxyphenyl ] propionyloxy) -2,2,6,6- 
_ tetramethyl piperidine, Sanol LS-2626, manufactured by 
Sankyo Co., Ltd.), 0 . 1 part by weight of the hindered 
phenol-based antioxidant (c) (= Irganox 1010, manufactured 
by Ciba Geigy) , 0.05 part by weight of the phosphorus-based 
antioxidant (d) (= 2 , 2-methylene bis ( 4 , 6-di-t-butyl phenyl) 
bctyl phosphite, HP-10, manufactured by Asahi Denka Co., 
Ltd.), and 0.05 part by weight of the UV absorber (e) (= 2- 

(2 '-hydroxy-5 ' -t-octylphenyl) benzotriazole , SEESORB709, 
manufactured by Shiraishi Calcium Kaisha, Ltd.), and the 
mixture was kneaded in a twin screw extruder (TEM-35B 
manufactured by Toshiba Machine Co., Ltd., screw diameter 
37 mm, L/D=32, screw revolution 250 rpm, resin temperature 
265''C, feed rate 10 kg/hour) to give pellets of the 
composition of the present invention, 

[0044] The pellets were injection-molded under the 
following conditions to produce a 50 mm x 90 mm test 
specimen of 3 mm in thickness. 

Molding machine: IS-350FB-19A by Toshiba Machine Co., Ltd. 
Clamp pressure: 80 t 
Resin temperature: 280°C 

Mold temperature: lOO^'C at both the fixed side and movable 
side . 

[0045] The light transmittance of this test specimen at a 
wavelength of 430 nm was 90.2%, and its light transmittance 
was 88.9% after the weatherability test or 87.7% after the 
heat resistance test. 

[0046] A disk formed from the resulting pellets in 
accordance with compact disk standards was measured in the 
same manner as in the Reference Example 1, and as a result, 
the double refractive index was 10 nm or less; the water 
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absorptivity was 0.1% or less; when dipped for 1 hour in 
. lard at 25°C , cracking was not observed in the disk; the 
^threshold stress was not less than 750 kgf/cm^; when the 
disk was dipped for 20 hours in ethyl acetate, acetone, 
5 97.6% sulfuric acid and 28% ammonia water, respectively, a 
change in outward appearance was not observed. It was thus 
found that the properties of the thermoplastic norbornene- 
based resin (a) are hardly influenced by compounding with 
the hindered amine-based light stabilizer (b) , the hindered 
10 phenol-based antioxidant (c) , the phosphorus-based 
antioxidant (d) , and the UV absorber (e) . 
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20 (2. 4 -V?- t 31:^71-) >^;*-x:7r^ 

Xh^^;^ (2. 4 -V^- t -y^^/U:?!!: ^4, 
4' -fc*:7ai:=iU>-v?:7;i.;;^:7;i>-:h^ t*^ (2. 6 

-e^- t ->^5=-/^-4 -y ^>^w:7ai=/i^) ^>'^a^y;^ 

y J.^^p_,;;^_j}^;;^-7^^ 1^ t*;^ (2. 4— V?— t — 

2. 2' -y^u>'tf;:< (4, 6-~v^- t ->^^yw:7 3i 

^/^) 3fi5r^/P7j^>^.:7T^ 2, 2' -3i^y7*>'tr 

y. (4. 6 t -:/^yi^y^=:yu) y jv:^xiit^y.y 
z^r-r^iV. V^)y> (c^ / J ^)vy :xLz^fV) Ti^y^yr^h 

[0 0 161 znh(omt^±m\'t. 0.mm\c^f^\^rz 

if>. 2 0t:ic*3its^^jEd5 1 o-« p a UT<oh<oi^m 
±m(DM:i^mcm^^thrc (c) yz>^y--/uj^ 
mim±M. (d) y >'^^^bB^Ji:s«Jfiv^-r4^t>ig^ 

1 0-« P a ^T0t>(0-Cfc5o 
(00171 «»J!i;Bj*%) ( a ) 

m^Mi^y /u^/i^:^i^7kmm i o o aasF^jc^LT. 

(b) i^i^y-h^T^i^T^m^^mmo, osmm^u 

40 ±. »*b<«:0. 0 5fiSgPi^±. J:t>»*U<l* 
0. ifiSaUAJi. ;6-oimS^J^T. ^*b<«:0. 
SSSSUJl^T. J:'?»*U<Ji0. 3fiSSFPJ^XT. 

( c ) >^ 211 y -/P^^^bKit^PJ 0 . 0 0 2 m&U^±. 
»*L<liO. 0 0 5fiSgi5^±. J:t>»^L<li0. 
0 immUU±. ;i)-o2ffiS*Pi^T. »*U<l^lffiS 

(d) y ^-mK^bB^jJts^Jo. 0 o 2fifi$5i^±. 
<liO. 0 0 5mia^m±x J:»9$?*U<JiO. OiiE 

mm:i±. ;d^o 1 iBia^u^T. A?^u<iio. sss^b 

50 UT. J:f?»^U<liO. 3miagBl^tTiB'&Lfet><0-C 
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(4) 

5 

fc^o (b) m^^^mii^^i^^j^-r^^tm^^. mm 
^tm&vxv^oo (d) V ^^j^mm^mt^ci^ti:^ 

[00181 ( a ) S& pJMtt/ /V-JJ^>'l-^ V^WJiitC 

(b) t V-iJ^- Kr ^ i^^BH^t^C^^Sl. (c) 37:1.^- /(? 

/i-^K>fkBSJLhS«J. (d) vi^7^.mm±M. ^e>(c@w 
^^K-ih-t-sy£:8?)Jctt, K<bKJta*<D:^#?:t (c) :7;c 

ffilc (c) 7^y-/W^g?<l:KitS'J>S:J[J0;t-5:i^;&5i3:^ 

10 0 19] i^(Dm<omMm) Bmcmcx^^m(o 

10 0 2 0] 2|s:%WtC^oV^■CI^. (e) ^^iBKiRSiJS: 

[0 02 1] -<>^>^ h V ry-/u^^^m^^mt UT 
aiz^/p) -<>'y^ h y r /K 2. 2-t:Ko:^>- 

3, (a, a-V^7«^/^^>'v?yU) 7ac=:/K ^0 

2- (2* -fc Ko:^ix-5' -^^/U-yz^^^/U) ^ 

>y hyry'— /K 2- (2* -t Kn:^>-3* . 

2- (2* _t->^^/V-5' 
yK 2- (2' -t Kd:^v--3' . 5' -i^- t - ^ 
2- (2' ~tKa:^v'-4' - n h ^ > • 
nuvin 328. Tinuvin PS (^tC. ^ 5(? 



4^ra^9-2 6 8 2 50 

6 

y< ' ^—iiM) . ^SEESORB7 0 9 (2- 
(2' -tKci:^v--5* - t -:^^^yw:7ai-yw) 

[0 0 2 2] -<>y7a.y:x^^^jKKiRS'Ji:UT«c. 
2- 1 Ko^'>-4-;p« h:^i^*^:^>^>^aiy 2, 

2' -v?fc Kd:^v'-.4-^ h:^'>--Oy:7^/^^. 
2. 2' - v^tKo:^>-4. 4' - v?;^ h=^v^ • 
/yzTuJ^y^ 2, 2' -v^t Ko^'>-4. 4' -v?7« 

2-t Ko:^v'-4-;^ 5-;^/V':7;*-<v>^:7 

oi/^^ - hytKV — 2-t Kn:^>- 4 - n 

^ hc^i/ . 2-b Ko:^fy-4-;e-:J^ 

^■ri>'ta:^i^ • 2-tKo^->-4~ 
n- Kt'v'd^^v' .^^^>^:7aiy>, 2-tKci:^i^- 
4 — <>'v^o:^v'^>^>/:7;c/ V, 2. 2* , 4, 4* 
-X b KD=^r > • '<>'y:7 3iy 2-tKn:^>' 
-4 - Kv^'>o:^i^-^>':/:7jiy 2-t Kd^v- 
-4- (2~t Kn=^>-3-^^^ y nr^v') >^a2K 

^^^^.^Vy :xlj ^^falf:^^ u v i n u i 490 

(2. 2' -i^fc Kn^rv'-4, 4* h=¥'> • 

AFtt®^) .Permyl B~100 {r<:y-/y=xLj 
^^KC^m. Fe r r oltM) ^J&5^J^$tt^o 
[0 0 2 3] (a) jR^aitt/yl-^yV'^^vm^flil 0 0 

ssifPic^k^bT. (e) ^^mmm^^i^\^<\xo . 

0 0 safilf&^^JlJb. J:t?»^L<iiO. OlSfiSHSUl 
±. iRFtc»^b<fiO. 0 2fig«PUil-h. *>o»^L< 

[0 0 2 4] ^Ac. -e^yx-f^. mw^ur. ^^lages- 
2 7 3 6 6 ^%<ikm.x<i^^<r>^^)^^) y.y'TU— 

— ^v-^^yp^y /v-^/^7"r 

^y;^y H'^/wv^-xt^tu— ^^'^^'ocy^^y 1 — 

it i.tcmm^m't^it^m ; iRfr?^^ 3-39403-§- 

^j^^X<^^<0 3- (4 -y =y^:7al::^/^x^:^>) -1, 
2— >^n/^>'C^;i-— 3- ^^^=^/^y^^-» -1, 
2-:7'ay'<>'i^;*-— 2, 2 - bf;^ [4- (2, 3- 

<D#flSryW3— /w^Sr^^ji— v'/HbLifc^fb'^i^ ; 1 2 
-t Ka^>;:^xTy>S^hy^y"fe:y K. 12-tK 

o:^v':;^^Ty >s&;^'rr y/uT/uri— /K -o^zny 

;j^y y^-T" - 1 2-t Kn^->;;^7^r U— 

j^^ix^'^y 3— /u-*:;— i 2- 1 Ko=^v^>^t"T 
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10 0 2 5] ::ij>^^m^wti}f^m\^\.tcm^. -wt 

0. ^JCO. 2/imJ^T<^^:J^n K;?«>r>' 

[0 0 2 6] IB-g^i-^^^AHfi-g-ftt^^^q 

b<fl0. 2^T. J:^>»^U<liO. li^AT. 
^L<«cO. 0 Sl^ilTic, 4*lc:J:!?»^U<ttO. 02 

0. 3|^T. J:'9»^L<li0. 2J^AT. 1tl-»^U< 
1*0. ll^T. #lCct»9«^*b<f*0. OSgJlTJC-f- 

[0 0 2 7] 7K^^;(JPife^oS^?&s^/^til^@J?f^t>^/j: 

[0 0 2 81 UTJi. #^5F5-2 4 7 

;&5fo^;65^ -tC^^g^^, «t®V^;^f7>^te5^^aS*5 4 O 

V-rfA^fcH-t(0;^^^Difel ; 3i^u>' • fix 

[0 0 2 9] 7K9^i^:^JD^^ AgS-^i^^rgS-^-r^^^ 
li> 7K5fe^AP!^9 0~9 9. 9 9ffifi%, »*L<(i9 
5—99. 98®fi:%. J:0»*U<li9 9-9 9. 9 



(5) 4^&B5|Z:9- 2 6 8 2 5 O 

S 

5aa%. 1^lCiff^b< 119 9. 5-99. 9J|ffl%iC 
SE-a^^PJl 0 — 0. OlSfi%. »*U<rt:5 — O. 02 
J: 0»^U<«:i — O. 0 5Sffi%. i|#fc»^ 

L<t*o. 5-0. iMstro^pur. i^mmsm^x 
[0 0 3 0] my\^^-)5m-%:=ij>^nm.^m'^imm^m 

[003 1] igiR-r5S'&l;i«. 7km^*pifeM[j55T g 
H- 5 0t:-T g + 1 5 Ot:oiaa-Xr. -f-i>lC'>^rS:;0^ 
Jt^o ;^^^;(JP4^iaS:i5<g:-f-^-5^^^;)ss5</^»3j!g^ 

[0 0 3 2] ^IttddTASM-^i^Ji. Tk^^APfe^'JC+i^ 

V\ il^. S^O. 3/Limi^T. ^HF*b<t*0. 2/im 
^v^fc:i^>. ^*P«cJ:57K^^*Pi^<oS?^tt<OteTJi/h$ 

[00 3 3] {mr^-)5m -^^"^(omm^m^s^. 

[0034] (ffli*) *5l§^O^J^«-^5f<Offi3^ t LT 
T^v^^yU • try*;*- • CD-ROM/j^^, ff^ 

f Q uvx, SM^wx/^^b*) . :7^yXJ^. ^tffitS: 
*;<7-h\ ^>^r^^-<-. %^^=7-. m^^TT^m 

/<-;/'5r->?, iatt:isio"pSsg. MMmm-mjiif) . 1^>'X 
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i^-:^-. i^-y-i^. :7^;^='. S'L>1f/j! 
#s /.<^uy/^if) . AX»§l^^(^>Sl5D"n|g AX 

/uu^fj:^) . IS^mm (y<^y'. 5^^-:/. y<ji^zf^ StS 

yi^z^^^^m^u. I cm±it. Lsmjjbw. led 
[0 0 3 51 mm ^^m<Dm^t bTii> t^itK. 

(1) (a) ^^^t^y/W^/P^^-^^^g, (b) fc 

>'i5^- Kr ^ v^it^^^^j, (c) y:x.y-jvi^mt 

(2) (a) iaWffit4y/UJK/W^>>-^«tJ§i;&^ h/W^ 
0, 000 — 200, 0 0 o<ot>o-cfo2> (1 ) |S®<0 

(3) (a) f^-^m^y 7^^^j\-^:y7hmmtK //i-^ 
5(1) ^ysitt (2) wM<ommmmo. 

(4) (a) f§ft-q^^4/yw>}^yi-^>>'^<^flg^^ :^yy. 

SK^iaa^u 1 O'-'a 0 ot:ot>oTfc'5 (i) 
(3) (o\^'rMAz.mm<ommm^m. 

(5) (a) sift^an4//V3j?/V'^v^ffiji§i ooas 
§5i;i^bT. (b) y^^'^—VT^iyTkm^i^^mo, 

0 3 — 1 fflfflfB. ( c ) 7 a. y — yi-^®?<bKihS«J 0 . 0 
02-2ffifflfflj, *5j:i/ (d) y ^^iK^kKihSlo. o 



(6) 4^§a¥9-2 6 8 2 50 

W 

O 2-imm^5^E'g'byct><OTfc5 (1) — (4) O 

(6) S^ic (e) 5»^l6KJ|XSl!Sria^Ufcfc<o-efc 

5 (1) - (5) ov>-rix7iMc:lS^c7)MJ3i0^^. 

( 7 ) ( a ) g^i-nTSifi / yWzK/U^ ^-^^jSg 1 O O MS 

ajc^^bx. (e) ^^jSKJRjpj^o. oos — iaa 

( 8 ) ( e ) m9vm^mAt^-< ^yvvvr y^-zu^^s 

^f^^^^m^^xJ^/iitc.\±^iy:/y:^yiylhm^m&^ 
W Sa$r-&^-r5t>0-Cfe5 (6) (7) |5«(0«J|g 

(9) ^^ttHSfTfcS (1) - (8) (^V^-ftbAMClB 

(1 0) (8) ^yttt (9) um^mmm^^t^hfj: 

(11) 3fc^^BiPp-Cfc5 (10) I2«0^^o"o. n^if 
[0 0 3 6] 

0 0 ^mm^mmM BS^i*tts^« 8 5 t:icT 700 
mf^tmx^xrfotLo 

[0 0 3 7] 1 

6 9 OSS^FiStd. 1» 4-^i$'y-l, 4, 4a, 9a 
-7^ h^t KD:7yW;d-U>'3 OOfifiSB. 1— -^^-feV 
1. mmu. mt^:^^ y^y 1^(0 0. 3SS%h/^ni 
v^fSi iSg^FB. 7^ h^::/^yi-^Xo. 6SS«i5^^D 

m\^m\f^tinm^{^^^'^v^yy^— (3jfy;^^i/>' 

Sl^) J:«9. #btLfc>Ky-^-(D^^J?l;5>^fl: (Mn) 

« 1 7 . 7 0 0. fiS^Fi^^^T-fi (Mw) 1^ 3 5 , 40 
0. ^^m^^ (Mw/Mn) Ji2. 0 0T-^t>o/Co 

[00 3 8] (7K^^J[jpife(DM3t) :L(om.'^KP^^m^ 2 

4 0mfl:^f5lCTyi-^-:^fiJt::^>;/<^yuMJK (MS^ i maSP 

=^yj>-/i^o. 7oaga5. mt=^y^j^o. 2aa 

»7L^®0. 8 cm'/g. lt^®ffi[3 O 0 c m2/ 
cm) eaaSU^-f VXo bVury^^i— /i-5aftgB<SrJ!JD 
X. h^l^— >^*-C2 3 Ot:. 4 5kgf/cm2 

[003 9] TK^^^PttJK^JSiS UT^* L^tiTK^^AD 
^JC&S?KS:T-fe h>2 5 Om^Ut^ yU2 

5 oaffi^to^-S-^T^^I-. iS#L/^7J5^iiv^-e. JWJii^r 
tt®^-^. iSSiJL.riH]i{XUACo ^ biCT-fe: ^^2 O OS 
la^T-dti^Lfcm. ImmHg^TlC^gcJELTtK^ftit 
55^*. 1 0 0t:T2 4^M«;j»$-frfc:o iR^li9 9%-C 

7K5g^^;?3n^ji9 9. 9%gJi±. ^^mm^i^(o:^mmi)m 



// 

0. nhthfcT^mmmco^w-m^^A (Mn) n2 

2, BOO. ffiffispj^^^ft (Mw) 1*4 2, 5 0 0. 

(Mw/Mn) 1 . 8 8-C. ;<f^>^Sc^^a 
« (Tg) 1*1 3 6t:X*^>oyco ^fc. JS^lmmtO:/ 

Cefl^Er^X^'ttl 3 7 OX 1 0-'*Pa-'. -5. 0X1 

[004 0] :L(07^mmm^mmm.3 5 ox:-v^m^ 

?^UJ?$l. 2mm. Bi[^12. 5cm<03W«tJ^h 
»g6 3 3nm) *5 J:T/K7k^Sra!l^U:feo 

^®$T<lt (RtSC0ij^^2 5 — 6 0 nm(03i5H) lOnm 
KtK^O. l%i^TT*>o3to 
[004 11 P^lClx 1 mm, 9 OmmX 1 0mm 

O^p^^f^jKU. ^®;65^^2 0 0mm. 0mm 
(OmF^m^l.rz.-m^ 1 Omm(7)^RS^f^?^JC4^5>b 

^c. PS#rt;:;^(*7 5 0 kg f /cm^i^JiT^feofCo 
[0 0 4 21 $e>tc. ±l2R|g^g*K^^>'U^oJ;l/T-t: 

W^p'p^tH. 9 7. 6%^^i3ctt/2 8%T>'^^T7K 

[0 0 4 31 mmmi 

(a ) m-^Mi^y^i-^-yi-^^mmm-x^^^^nm i -cm 
tcTKmmm 10 0 s ( b ) t KT 

^>m»3fe^^?r9 (1- [2- [3- (3, 5-v?-t 

v') -4- [3-3. 5 - t ~ 4 

-t Kn^>:7r«iz^/w) T'n f;^^yW:^a^-» -2, 
2. 6, 6— r h77<^/^t"^y v?^^. LS 
-2 6 2 6. E.^m^^mk) 0. 2Sfiaj. (c) b 
>'y— K:7aiy— yU^K^bKJt^PJ ( I r g a n o X 1 

0 1 o. ^/<:!jf^:¥-thjK) 0. lasSP. (d) y^- 
»K<kESJl:?rU (2, 2-;/^U>'tf^ (4, 
->^^>'i-:7znz^y^) y^^^/U7t^::^yr-< hp-i 

0. Mm^{b^x^s5!) 0. 0 5Msa5. (e) m^m 

KHX^PJ (2- (2' -1::Kd^'>-5' -t-;^-^^^^/^ 

:7a:^/i-) ^vy' hi; r y"— /V, seesorb7o 
9. &^:^jui^^J>>im) o. o 5aii:lFP^iB'e'UT. 

2#j!g|«« (m^m«®iTEM-3 5B. ;^^J^ 'J 

3 7 mm. L/D= 3 2. y ol— ©15^2 5 0 r p 

m. mmm.m2 e 5X:^ 7-<- ki— m o k g/^ 

[0 04 4] :i<D^Uy h%:. TlE<0^i*-C5*ttJ^?i$L 
X. JiC^Smm. 5 OmmX 9 Omm<Dtti^>i-5SrS!!jgU 

: :^S«a«^5SC#ti:jK. I S ~ 3 5 O F B 



(7) 4^M¥9-2 6 82 50 

12 

- 1 9 A 

mmi^m : sot 
: 2 8 ot: 

^mmt : @^«-^Sft{il^ 1 0 O'C 

[0 0 4 51 w<DftS^>i-(D&S4 3 0 nmCO^iSSja^ 
1*9 0. 2%-C*>?). flSfi^^SW:8 8. 9%. SSffSW 
g^^(*8 7. 7%X$>o/cio 

[0 04 61 ^tl. ##0y 1 ^ =3 Vi^y^'i^r f.^^ 

^^i5^m<OR««r^?^bTaO^Ufc^JSiffflgf*l On 
W m£JlT. K7K^f*0. 1%»T. I^«IC2 5t:<07- K 

7 5 0 kg f /cm2J^±X^^l:). g^®?ac^/K Tir h 
i^. 9 7. 6%fiffi». 2 8%T>^-T*(c:^tL-?:-tt2 

o^F^gaLTt>^<^>'^>ft;j*/<t<. (b) 
r^:^j^m^^mm. (c) t:>^>5^- K7a.y-/w^^ 

^kKJhSii. (d) V>^mim±M. (e) ^^«IKitX 
20 [004 71 it^m 1 

(a) fiplffi^^yyi-^/^^^v^^^gx^^^^^flji'C:?^ 

tzA^mmm i o ossasjc^kt l. ( c ) t >-^— k 

31 / — yV^^^bKlfcSy (Irganox 1010.^ 

y<:^^^-im) 0. iSik^to^^^^gB-g-L. (b) t: 

:^y-VT^:y^myt^&m. (d) y>'^^^bKji: 
ffli. (e) ^^u^i\^M^m^x^fj:\f^:itu^nmmff^i 

[0 0 4 81 Z(DU^)i<D^S:4 3 0 nm(D^m^m^ 
J*9 0. 2%-Cfot>. g«^^®^^l*8 4. 1%. fljhMK 

»gf*8i. o%T?*>o:rco 

[004 91 ifclS^^fl 2 

(a ) l8i^Mtt//l-JJ</W^>'S«Ji§X*fe5##FJ 1 X# 
fc7k^^*D«? 10 0 fiftgPtC^ L. ( b ) t ^'i?'- KT 
^V-^^it^fc^^SlI (1^>/— LS-2626) O. 1 

mmu. (c) \^>^-h*y=^/-/i^^mm±m d 

rganoxlOlO. ^^<:ff^ ^—ttW O . 1 MM 
(e) Slt^itftKiRiM (SEESORB 7 O 9) O. 

0 5 mssB^ga^ L. ( d ) y :yMmim±M^m^ l 
?^j:v^r ^i^i^i*^ife«ryi tmm\z\.xm^fi^(D^i-^y h 

[0 0 5 01 rcOt*®i;t<OK:g4 3 0 nmCD^i^ii^ 
1*9 0. 2%Xfel3. Wf?6KS^^(*8 7. 6%Xfoo 
fco BWf^^g^«»*e®UTSWX«/^</iro^o 

[00 5 11 HJS^y 2 

ytTK^i^jijDi^i 0 omffl^tc^u. (b) t>^j^-Kr 

^>^l*^^^?r«l (1^y— .'l- LS-26 26) O. 3 

sfi^p. (c) \i>^^—vy :z./—j\^^^m^W3±m (I 

rganoxlOlO) 0. 1 fflfi^. (d) y 

5(7 ^bKih^j (HP- 1 o) 0. osffiffl^. {e) m^vm 
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-4 - n ~ Kv^'>i3^> • ^vy^:7aiy ✓'^ SEESO 

RB-1 0 3. Mmsi^ki^ttffi!) 0. 0 3Jla^FBS^fflv^^> 

[0 0 5 21 r<DK»>}-OS[«4 3 OnmO^fejUSiS^ 
[0 0 5 31 



(8) 9-268250 

(b) tvy-KT^^-^^gffJ^^^^. (c) :7ai 
y-yi-^S&^kKihSi. isXU (d) y v^K^kBSjJta!!/^ 

mmmm^A^^<. myi^mi>*^4^^<. K^aai^j^^ki^tj/h 
10 ^(o***Lrv^5« 



(51) Int. CI. « ^%m^ iTrt^3a## FI 

C0 8L 47/00 LKD C0 8L 47/00 LKD 
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LKF LKF 



